OBJECTIVE -In 196 type 1 diabetic subjects and 195 nondiabetic subjects aged 30 -55 years, we examined whether C-reactive protein (CRP) is elevated in diabetes and whether CRP is associated with coronary artery calcification (CAC).
T ype 1 diabetes is associated with markedly elevated risk of coronary heart disease (CHD) events (1) and coronary atherosclerosis, with women being more adversely affected than men (2) . C-reactive protein (CRP) is an acutephase reactant and is elevated in inflammatory states. Higher levels of CRP predict cardiovascular disease in asymptomatic men and in women in the general population (3) (4) (5) , indicating a possible role for inflammation in the etiology of cardiovascular disease. A previous study has suggested that CRP levels are elevated in type 1 diabetes, but how this relates to the increased cardiovascular risk in diabetes has not been explored (6) .
The association between CRP and cardiovascular disease partly reflects its strong association with BMI (7, 8) and with total body-fat mass and waist girth (9) . The association between CRP and cardiovascular disease events is attenuated by, though it remains independent of, measures of body fat in most studies (10) , consistent with the idea that part of the atherogenic effect of obesity is via inflammatory pathways (11) . Surprisingly, despite the predictive power of CRP for cardiovascular events, several studies have reported that CRP levels are not associated with coronary artery calcification (CAC), a validated measure of coronary atherosclerosis (12) (13) (14) , or have found associations that are not independent of other factors only in women (15) . Furthermore, CRP levels are not clearly assoc i a t e d w i t h o t h e r m e a s u r e s o f atherosclerosis such as carotid intima medial thickness (16 -19) . These data suggest that CRP may be more strongly related to plaque vulnerability or thrombotic risk than atherosclerosis itself.
The aims of this study were to examine 1) whether CRP is elevated in type 1 diabetes and 2) whether CRP is associated with CAC in individuals without and with type 1 diabetes.
RESEARCH DESIGN AND
METHODS -The methods of this study have been described in detail previously (2) . Briefly, 201 men and women aged 30 -55 years were randomly sampled from the general population. An ageand sex-matched group of 199 type 1 diabetic patients was sampled from the diabetes clinic registers of London hospitals. A local ethics committee approval was obtained, and all participants gave fully informed written consent. Subjects were included regardless of any history of heart disease, but only one subject (a diabetic woman) had a clinical history of CHD (previous angina). Pregnant women and patients on renal replacement therapy were excluded. Diabetic subjects
had a mean duration of diabetes of 23.4 years (range 5-43). Glycemic control was worse in diabetic women than in diabetic men (mean HbA 1c 9.1 vs. 8.5%, P ϭ 0.004). Average insulin dose was 58 units/day in men and 42 units/day in women (P Ͻ 0.0001).
Three supine blood pressure recordings were made after a 5-min rest using an Omron 705c oscillometric device. The mean of the second and third readings was used. Hypertension was defined as having a systolic blood pressure (sBP) Ն140 mmHg and/or a diastolic blood pressure (dBP) Ն90 mmHg or being on antihypertensive drugs. Obesity was defined as a BMI Ն30 kg/m 2 . The waist-tohip circumference ratio (WHR) was calculated as a measure of body fat distribution.
Electron beam computed tomography scan An Ultrafast computed tomography (CT) scanner (Imatron C-150XL) was used to quantify coronary calcification. Two sets of 20 transverse tomograms of 3-mm thickness were obtained from the lower margin of the bifurcation of the right branch of the pulmonary artery to the apex of the heart while the subject held his or her breath. The area and peak density of each calcific lesion (peak density Ͼ130 Hounsfield units) in the coronary vessels was measured. The calcification score was calculated as the product of the area of the lesion, and the density score was calculated as described by Agatston et al. (20) . To be included in the calcification score, a lesion had to have an area of at least 0.51 mm 2 (two contiguous pixels). A total score for each artery and for the entire heart was calculated by adding the lesion scores.
Laboratory methods
After an overnight fast, blood samples were taken and total HDL cholesterol and triglyceride were measured using standard enzymatic colorimetric methods. HDL cholesterol was measured directly after precipitation of other lipoproteins, and LDL cholesterol was calculated by the Friedewald equation. HbA 1c was measured using a latex-enhanced immunoassay. Urinary albumin excretion was calculated from two timed overnight urine collections. Women who were menstruating were excluded from urinary albumin analyses (n ϭ 54). Urinary albumin was measured using an immunoturbidimetric method. CRP was measured with a highly sensitive in-house enzyme-linked immunosorbent assay with rabbit anti-CRP (Dako, Copenhagen, Denmark) as a catching and tagging antibody, as described previously (6), with intra-and interassay CVs of 3.8 and 4.7%, respectively. Samples from 394 subjects were available for CRP analysis.
Statistical methods
Analyses were carried out using Stata 6. CRP and other factors were compared between diabetic and nondiabetic participants using multiple linear regression, with appropriate transformation and adjustment for age. Spearman's rank correlation was used to examine the univariate association of CRP with cardiovascular risk factors and with coronary calcification score. Calcification scores (for the total heart) were positively skewed with a high frequency of zero values. Because data transformation would not have normalized this distribution, we used logistic regression to examine the odds of having any calcification (a score Ͼ0) by tertile of CRP, adjusting for covariates. These models were also run with CRP as a continuous variable.
RESULTS -The detailed characteristics and CAC levels of the study participants have been reported previously (2) . Type 1 diabetic women had a markedly elevated CAC prevalence (47%) compared with nondiabetic women (21%, P Ͻ 0.0001), and their scores were more severe. Diabetic men had a prevalence of detectable calcification (52%) similar to that of nondiabetic men (54%), but their scores were more severe. BMI and WHR were similar in those with and without diabetes within each sex (Table 1) , though the prevalence of obesity was lower in diabetic (8%) than in nondiabetic women (21%, P ϭ 0.02). Among men, median CRP levels were similar in those with and without diabetes; whereas among women, those with diabetes had markedly elevated CRP levels ( Table 1) .
The univariate association between CRP and other factors by diabetes and sex is shown in Table 2 . The strongest associations were with BMI and WHR. The pattern of associations between CRP and established CHD risk factors was fairly similar across all four groups with the exception of CRP being slightly more strongly associated with BMI and sBP in women than in men, though not significantly so (test for sex-by-risk factor interaction P Ͼ 0.05).
Given the similarity of the univariate associations in all four groups, a multiple linear regression model in all subjects combined was used to examine which factors were independently associated with CRP. CRP was independently associated with sBP (P ϭ 0.04), BMI (P Ͻ 0.001), WHR (P ϭ 0.001), and HDL cholesterol (P ϭ 0.01) when these variables and LDL cholesterol, smoking, exercise, and alcohol consumption were entered simultaneously into the model with age, sex, and diabetes. With regard to diabetesspecific factors, among diabetic subjects, but not nondiabetic subjects, HbA 1c was positively correlated with CRP (Table 2) . Insulin dose was more strongly related to CRP in diabetic women than in diabetic men (P ϭ 0.007 for sex-by-insulin interaction). The association between CRP and insulin dose in women was independent of BMI (P ϭ 0.002 on adjustment in a multiple regression model).
Among women, 23 of the nondiabetic subjects were using hormonal contracep- tives and one was on hormone replacement therapy (HRT). Of the diabetic women, 18 were using hormonal contraceptives and three were on HRT. Using hormonal contraceptives or HRT was associated with a 1.5 mg/l higher CRP among nondiabetic women (P ϭ 0.001) and a 1.0-mg/l higher CRP among diabetic women (P ϭ 0.06; P Ͻ 0.001 for the effect of these drugs in both groups combined). Taking aspirin regularly (n ϭ 14), taking lipid-lowering drugs (n ϭ 3), or taking blood pressure-lowering drugs (n ϭ 31) was not associated with any difference in CRP levels. None of the factors associated with CRP explained the difference in CRP between diabetic and nondiabetic women. CRP in diabetic women was 1.6-fold that of nondiabetic women adjusted for age, and on further adjustment for sBP, lipids, BMI, and WHR, there remained a 1.5-fold difference in CRP (P ϭ 0.006). The higher HbA 1c in diabetic women than in diabetic men accounted for little of the difference in CRP between these groups (a 1.7-fold higher CRP in diabetic women than in diabetic men was reduced to a 1.6-fold difference on adjustment for HbA 1c , P ϭ 0.01).
We examined the association between CRP and coronary calcification in several ways. As shown in Table 2 , calcification scores were significantly and positively correlated with higher CRP in all groups except diabetic women. This was the same when women using hormonal contraceptives or HRT were omitted. Table 3 shows the odds ratio (OR) for having any detectable calcification (score Ͼ0) for the subgroup-specific top versus bottom tertile of CRP, with and without adjustment for other factors using logistic regression. In men but not women, after adjusting for BMI, the association between CRP and CAC score remained apparent. On further adjustment for other associated risk factors, CRP remained strongly and independently associated with calcification in men.
CONCLUSIONS -A major finding of this study was that in the diabetic subjects without renal failure, and with low prevalence of albuminuria, CRP is grossly elevated in type 1 diabetic women but not in type 1 diabetic men. This is of interest given that, compared with the general population, the relative risk of CHD is much higher in type 1 diabetic women than in type 1 diabetic men. Previous studies of CRP in type 1 diabetes have not reported on the extent to which elevations associated with type 1 diabetes were sex specific (6, 21) .
The basis of the elevated CRP in type 1 diabetic women is not clear. In regression analysis it was not explained by measures of obesity (BMI or WHR-both strong correlates of CRP) or any of the other correlates of CRP. Previous studies have shown that elevated CRP is associated with insulin resistance, independent of BMI (8) . It has been proposed that this might represent a direct effect of hyperinsulinemia on hepatic acute-phase reactant synthesis (8) . Thus, it is possible that the elevated CRP in type 1 diabetic women indicates underlying insulin resistance or hyperinsulinemia. We did not have any measures of circulating insulin or insulin resistance, but interestingly, total insulin dose was positively correlated with CRP in diabetic women. Diabetic men were receiving higher doses of insulin than diabetic women (whether expressed in total units or units per kilograms body weight) but the strength of the relationship between CRP and insulin dose was significantly stronger in women than in men. Of course, we recognize that it is not clear exactly what insulin dose per day reflects, but the strong relationship between CRP and insulin dose in women suggests that CRP levels in women might be more responsive to circulating insulin levels or possibly more closely related to insulin resistance than in men. What are the clinical consequences of the elevated CRP in diabetic women? We found that CRP is a marker of subclinical atherosclerosis. In both diabetic and nondiabetic men this relationship was only partly explained by measures of obesity and was independent of other risk factors in logistic regression. In women in the general population, CRP was also associated with subclinical atherosclerosis, but this was not independent of BMI, which is strongly correlated with CRP. In diabetic women, those in the top tertile for CRP had 2.6-fold odds of calcification, but this was not significant and was entirely accounted for by BMI. Thus, CRP may be elevated in some individuals because it is a marker of pathways that are involved in atherogenesis. However, some reasons for elevated CRP may be innocuous, and this may be the case in relation to the elevation of CRP in diabetic women.
Alternatively, the lack of a clear association between CRP and CAC in diabetic women might also arise if calcification is a poorer marker of coronary atherosclerosis in women than in men. Although studies have demonstrated that a given calcification score predicts a similar burden of plaque in male and female hearts at autopsy (22), we do not yet have the data to prove conclusively that calcification score is as sensitive a measure of coronary disease in women as in men in young asymptomatic subjects. CAC is associated with clinical CHD in both type 1 diabetic women and type 1 diabetic men but more strongly so in men (23) . Prospective studies are needed to address the importance of the CRP in diabetic women, as it may nonetheless have a bearing on CHD event risk through propensity to plaque rupture or thrombosis.
Our finding that CRP is a marker of subclinical atherosclerosis is of interest because most previous studies have not found any relationship between CRP and CAC (12, 13, 15) and have found only weak relationships with other measures, such as carotid IMT (18) . This has led to speculation that CRP may be more closely associated with plaque rupture or thrombosis than atherosclerosis itself. The lack of an association in older subjects in these negative studies may reflect survival bias and in younger subjects may be because a less sensitive scanning protocol was used than in our study. Recently, and only in older women (Ͼ67 years), those in the bottom quartile for CAC were found to have lower CRP than those with CAC scores in the top three quartiles. As in our study, this was not independent of other factors (15) . Thus, CRP may be associated with calcification in women simply because of confounding by BMI, or alternatively, inflammation and elevated CRP may be part of the mechanism by which obesity exerts its atherogenic effects (11) . Only one diabetic subject (0.5%) in this study reported a history of symptomatic CHD as compared, for example, with a prevalence of 2.8% in patients of this age range in the EURODIAB IDDM Complications study (24) . Under-representation of those with or most at risk of CHD might reduce the strength of any association observed between CRP and coronary calcification. In men, we found that, unlike in women, the association between CRP and calcification was independent of BMI as well as WHR and other factors. The biological mechanisms underlying the association between CRP and calcification in men is not clear but it likely reflects inflammatory processes involved in atherogenesis (25) .
In summary, these data demonstrate that CRP levels are elevated in type 1 diabetic women but not men, at least in the absence of established renal disease. This may reflect a particular sensitivity among diabetic women to insulin levels or might reflect insulin resistance in diabetic women. The consequences of the elevated CRP in diabetic women need to be addressed in prospective studies, since we did not find that CRP strongly predicted atherosclerosis in this group. Resolving this is an important question since an adverse effect of CRP in diabetic women might indicate the need for therapies specifically aimed at its reduction.
